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INTRODUCTION 
After several discussions with Dr. C. B. Pratt, it 
seemed evident that further studies were needed on the 
progression of myopia. Questions left unanswered in-
clude the rate and total amount of myopic progression. 
Answering such questions could be used to establish a 
prediction table for, among other things, the purpose 
of programing the visual examina tions of myopic patients. 
Most studies on the progression of myopia seemed to have 
adequate material on the increasing number of myopes 
which is of world wide concern, but few, if any, were 
concerned with the detailed rate of increase in a long-
itudinal study. Pratt has stated that, "for a long-
itudinal study of many cases from ages 8 to 25, the 
progression of myopia may be expressed quantitatively 
by the summation of a series of exponential changes of 
relatively short duration. An expression, then, in the 
form of a Fourier series."1 
According to a publication by the Privy Council of 
the British Medical Research Council, "The literature 
on changes in refraction as a whole is immense, but it 
is generally uncritical and deals mainly with changes 
1Pacific University Lectures by Dr. C. B. Pratt, 1965. 
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in eyes with refractive anomalies.• •••'It is clear 
therefore that during growth axial elongation does in 
fact occur, but that this elongation, with its tendan-
cy towards myopia, is countered by compensatory changes 
in the cornea and lens, leaving an essentially unchang-
ed refraction, except in a minority of cases where the 
compensation has been inadequate or entirely lacking." 2 
This general study of the refractive pattern changes 
states that in the minority some cases do exhibit myop-
ic tendancies, but does not analyse these cases as to 
rate and amount of progression although the authors do 
state that "while the follow-up examination of some of 
the children took place after too short a period (between 
2 and 6 years after the original examination) and covered 
too unrepresentative a group to allow any final conclu-
sions to be drawn, it revealed a more complex situation 
than is suggested by the cross-sectional study."3 
Baldwin states that, fiJaeger (1938) conducted an 
annual inventory of the refractive status of 350 girls 
and 150 boys from the ages of ten to sixteen and ten 
to eighteen respectivelyo He found the most marked in-
crease in incidence at twelve years of age and showed 
the most rapid increase during the third and fourth years 
2Refraction and its Components During the Gro-v1th of the 
Eye From the Age of Three by Arnold Sorsby, B. Benjamin 
and Michael Sheridan with the assistance of Janet Stone 
and G. A. Leary, Privy Council of the British Medical 
Research Council, London, 1961. 
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of school life."4 
Again, we are quoting a study which concerns it-
self with the entire refractive population, but it is 
interesting to note that an alinear type of progression 
is also noted in the total group. 
Baldwin further states that Sourasky noted, "Cases 
of low myopia show the greatest tendancy to progression."5 
Sorsby's data showed changes in refraction of 
myopes related to initial degree of myopia. Included 
in his classification were a group I and group II. 
Group I being those that were re-examined after a 1-2 
year interval and Group II being those re-examined 
after a 3-5 year interval. The data is as follows: 6 
Diopters change < l.OOD .75-l.OOD 1.25-2.00D 2.25-3.00D 
Group I % 
Group II % 
49.5% 
34.6% 
20.5% 
17.7% 
13.0% 
23.9% 
1.0% 
12.3% 
This data is more specific, but likewise it refrains from 
reference to individual tendancies. 
Mitchel Kuhn noted that, "In more than 90% of myopes, 
the transition from hyperopia to myopia occurs between 
the 5th and 20th years, the 5th year representing the 
beginning of close visual concentration and discrimination, 
and the 20th year the approximate completion of the period 
4
some Relationships Between Ocular, Anthropometric, and 
Refractive Variables In Myopia by William R. Baldwin, 
O.D., Ph.D., Thesis study for Doctor of Philosophy Degree 
at Indiana University, August 1964. 
5Ibid. 
6Ibid. 
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of ocular growth.' •••'It is estimated that approximately 
8% of all individuals acquire some degree of myopia be-
tween the ages of 5 and 10."7 
Quoting Baldwin, "Schiirmayer in 1856 found an in-
crease in myopia from 18% to 35% when comparing a large 
number of German children ages 8 to 14 years to those 
of ages 14 to 17 years. Similar results were obtained 
by Szokalsky in 1848 in Paris schools. Cohn in 1864 
examined more than 10,000 school children. Ophthalmo-
scopically estimating refraction he found myopia of 
greater than one diopter increasingly regularly at each 
annual age level from 1.4% in primary grades (five to 
six years of age) to 55% in the highest grade of the 
gymnasium (sixteen to eighteen years of age). Many 
other investigators have found similar results using 
similar methods." 8 
" ••• the man who .has brought greatest clarity to 
this matter is Hirsch who from 1952 to 1964 in a series 
of cross-sectional and longitudinal studies has shown 
that only those children who are less than one diopter 
hypermetropic at the age of five or six years can be 
expected to become myopic and that refraction at age 14 
7 A T-reatise on Myopia by Mitchell Kuhn, O.D., Assistant 
Professor in Theoretical Optometry at the Massachusetts 
College of Optometry, 1962. 
8clinical Research and Procedures in Refraction by Wm. R. 
Baldwin, O.D., Ph.D., College of Optometry, Pacific 
University, Forest Grove, Oregon. 
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is highly predictable at age six." 
It reveals from a review of the literature that 
we are participating in a new approach to quantitative 
determination of myopic progression during limited time 
periods. 
-6-
PROCEDURE 
The data for this study on the progression of 
myopia was procured from the clinical case record files 
of Pacific University College of Optometry, Forest Grove, 
Oregon. Individual cases were selected on the basis of 
the following criteria: 
1. Each subject must have had on record findings 
of four visual examinations. 
2. Each of these four visual examinations must 
have exhibited a myopic refractive error as determined 
.~ by the modified "P" factor • 
3. The first exam displaying a myopic refractive 
error must have occured between subject ages 6 and 
9 years. 
This study encompassed all subjects in the clinic files 
who qualified on the basis of the preceding criteria. 
There were a total of 25 subjects accepted employing 
this method of selection. 
The following data was recorded from the individual 
case records of all visual examinations on each subject. 
The following visual findings were recorded as being 
relevent to the intent of the study: 
1. Date of visual examination. 
2. Subjects age at each examination. 
3. The prescription at each visual examination. 
4. The ophthalmometer readings. 
•see page 7. 
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5. The static retinoscopy (lf4). 
6. The subjective maximum plus to 20/20 acuity (#7). 
7. The subjective maximum plus to Best Visual Acuity (#7a). 
8. The bichrome findings at distance (RG). 
9. The cross-cylinder findings at distance (cc). 
10. Sex of subject. 
*The modified "P" factor was calculated from these 
findings in the following manner: : 
"P" :: #'+ + #7 + #7a + RG + cc/ 
n where n equals the 
number of findings 
used. 
The findings were transposed to equivalent sphere power 
in order to facilitate calculation of the modified "P" 
factor. 
All cases were then tabulated with respect to age 
at each examination. This is shown in table I and II. 
From this table the cases were arbitrarily divided into 
three groups based on the amount of myopia at age ten 
(see tables III, IV and V). Group I includes all cases 
with less than or equal to 1.50D of myopia. Group II 
includes all cases with greater than 1.50D and less than 
or equal to 3.00D of myopia. Group III includes all 
cases with greater than 3.00D of myopia. These three 
groups were plotted as a scattergram showing the amount 
of myopia as a function of age. Using these same three 
groups it was necessary to establish the rate of increase 
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in myopia over ~ year intervals shown in tables VI, VII 
and VIII. This made possible the calculations of the 
average increase in myopia per ~ year interval which is 
shown in a bar graph in table IX. These averages were 
further tabulated in symetrically overlapping two year 
age spans covering ages 8 to 13 years (table X); these 
results are also shown in a bar graph for each symetrically 
overlapping two year age span in table XI. Only those 
cases having findings which completely covered the given 
two year age spans were chosen for tables X and XI. 
Again reference was made to tables VI, VII and VIII 
extrapolating the amount of myopia for these given cases 
and establishing the highest magnitude of myopia per 
case as the 100% level for calculating the ratio of 
myopia manifested on a given exam with relation to the 
final resultant myopia (see tables XII and XIII). 
These percentage values were plotted on a semi-log scale, 
time being the linear component and myopia the logarithmic 
component as shown in tables XIV, XV, XVI and XVII. 
From these tables information was obtained with reference 
to time of initial onset of a relative plateau in the 
progression of myopia and to its period and amount of 
increase during the period. It should be noted that the 
period of the exponential function was determined by the 
standard 63% limit. It was assumed when drawing the 
logarithmic curves that we would accept the simplest 
-9-
exponential relationship by observation. The time of 
initial onset, period and amount of myopia per given 
plateau were tabulated in block form in table XVIII. 
Tables for computing the standard deviations for the 
time of initial onset, period and amount of myopia are 
shown in tables XIX, XX and XXI. 
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-28- Table XIX 
Table for computation of: 
Standard Deviation £or time of initial o~set. 
' 
Xi x X:D-X ~Xi-X2 2 
. 9.70 9.38 ~ .... - .32 ' · •. 1024 
,_ 
9.83 9.38 .45 .2025 
9.25 9.38 .13 .0169 
9.00 9.38 .38 .1444 
9.57 9.38 .19 .0361 
.. 9.69 9.38 .31 .0961 
9.25 9.38 .13 .0169 
10.41 9.38 1.03 - 1.0609 
8.75 9.38 .63 .3969 
8.75 9.38 .63 ~3969 
.9.50 9.38 .12 .0144 
9.50 9.38 .12 .0144 
9.47 9.38 .09 .0081 
9.45 . 9.38 ·.07 . .0042 
2.5118 
- ~ Jt.<xi-X22 s =i 2 •. 5118;13 = 0.4393 
- . N-1 
' '• 
-29- Table XX 
Table for computation of: 
Standard Deviation for amount of increase. 
Xi X Xi-X ~Xi-X2 2 
1.31 0.865 .445 .198 
0.76 0.865 .105 .011 
0.80 0.865 .065 .004 
. 0.88 0.865 .015 .003 
0.64 0.865 . • 225 .051 
0. 61 ·. 0 .865 .255 . 065 
0.67 0.865 .195 .038 
0.93 0.865 .065 .004 
0.53 0.865 .335 .112 
.. 0.53 0.865 .335 .112 
0.43 0.865 .435 .189 
0.33 0.865 .535 .286 
1.96 0.865 1.095 1.200 
1.72 0.865 .855 .731 
3.004 
f " -2 
- /3.004; S = ~(Xi.-X  
·= .4807 N-1 - . 13 .. 
. ' 
' • '• 
•, 
'· 
~ 
t- I • I 
( . 
,. 
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RESULTS AND DISCUSSION 
Observation of the data in tabulated form as in 
table I and II disclosed that information was most 
abundant in age group 9 to ll; therefore in order to 
facilitate a more individualized case study the sample 
was divided with reference to amount of myopia at age 
10. The limits of these subgroups were selected arbi-
trarily following the initial observation of the myopic 
ranges of the sample. The resultant distribution placed 
16 eyes in Group I (less than or equal to 1.50D), 20 
eyes in Group II (greater than l.50D and less than or 
equal to 3.00D) and 12 eyes in Group III (greater 
than 3.00D). These groups were ru~alyzed separately, 
the amount of myopia of each group being plotted as a 
function of age (tables III, IV and V). Each of these 
groups was further subdivided to indicate the sex of 
the subject. It seemed to be evident from analyzing 
individual data on these scatterg rams that the progres-
sion of myopia was n o t a linear function of time. 
Therefore if this data were t o be treated in simplest 
mathematical terms the rate of increase necessarily 
might be expressed as an exponential change which is 
generally the most useful representation of natural 
phenomenon. 
However to establish the cha racte r isti c rate of 
increase for each group it seemed necessary to calcu-
-32-
late the average rate of increase per ~ year as estab-
lished by the individual data of tables VI, VII and VIII. 
These group averages tended to cancel the individual 
rate of increase characteristics and only showed sig-
nificant periods of relatively greater or lesser increase 
rates in the group containing the myopes of greater 
than 3.00D at age 10 (table IX). The individual case 
analysis of each group would seem to indicate that 
these same periods should be evident in the remaining 
two groups also if the group data were suitably analyzed. 
The next sample analysis attempting to adjust 
sample averages consisted of the groupings as indicated 
in table X, established by averaging all rates of in-
crease for a given age range. This average vvas so 
calculated as to exclude rates which did not envelop 
the entire age range. 
1rhe bar graph plotting of these group averages 
(with reference to age) establishes that there are def-
initly accelerated rates of increase in and about ages 
8 to 10 years. 
The most significant relative differences in rates 
of increase were noted in 14 of the 24 cases involved. 
When the percent of the resultant myopia for each 
individual case was plotted as an exponential function, 
the relative plateaus were more readily apparent (table 
XIV, XV, XVI and XVII). Through mathematical .. manipu-
-33-
lation these relative pl a teaus were a naly zed in linear 
form in order to interpret the time of initial onset, 
the period and the amount of increase per given plateau. 
The group averages of these calculations can be and are 
analyzed and expressed statistically in t <3.bles XIX, XX 
and XXI. 
It is evident from the standard deviation of the 
time of initial onset why the group averages on the rate 
o f increase most often masked the individual curve 
characteristics. That is to say, the overlapp ing periods 
tended to nullify the significance of each other, an 
effect which was further accentuated by short period 
durations of which the standa rd devia tion is also quite 
large. And further more, specific sample generalizations 
are made difficult due to the larg e standard deviation 
for the amount of increase per p e riod. The main point 
being that sample generalizations could be more practi-
cally applicable if the time of initial onset was ad-
justed to coincide with the mean thus establishing an 
artificial "myopic age" for each case. 
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CONCI,USION 
The results of this study have shown that the 
progression of myopia is a non-linear function, sections 
of which can be expressed as a simple exponential function. 
By adjusting the subject age at the time of transition 
from hyperopia to myopia (myopic age), to correspond 
with the mean age of incidence and by establishing the 
rate of increase by the findings of one more examination, 
it is possible to estimate the magnitude of change to 
be expected within a certain period of time and the 
magnitude to which the myopia will progress in a given 
time. I,imi ts, as established by the standard deviations 
of time of initial onset, the period and the amount of 
change, are relatively large even though attempts are 
made to adjust for a "Myopic age" . The predictions, 
consequently, must contain the composite effects of the 
high standard deviations. For individuals within myopic 
limits of l .OOD to 4.00D at age ten, the magnitude of 
myopic change may be expressed as myopia at age 9.4 (±Oe4) 
years plus 0.87 (±0.48) diopters increasing exponentially 
with a period of 0.5 (±0.25) years. 
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